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Nwrluijila— ill  i««thijiwu«<9blL  karyophlHc  proteni 
wifely  Med  in  aaelear  ireaipnil  feidiee.  Ab  cjl|nc9 

10  hietidiiie  reeidwee  ligated,  ta  fraaM,  to  tiM  aaiiao 
Lmaiaa*  «ii' gewayiM  awdeoglaaaia  gcae.  The 
vector  woe  then  trearfuraii  d  iato  gecfen'cOio  roll 
■troia  BUKDBSK  Tkic  etrau  paeeeeoei  tiw  geae  for 
T7  RNA  iMdyawraae  wafer  eoatrol  of  fee  laeUVS  pr«- 
■oter.  TW  iadaetiea  of  fee  RNA  gulyaieraet  aad  eab- 
eeqaeat  prodaetioa  ut  aadeoglaeBia  occwrm  lAer  ex* 
gooare  to  ieinawtpyl  fi  n  tliiwgalai'lo|i3rrawneide  The 
aacieopiaaafeft.  prodaeed  ia  adBigraa  iiaaatitiee  per 
liter  of  caltare,  te  feea  isolated  by  a  rapid  partfeatioa 

to  parity  fee  olippbietidiat  Hiibed  inirlinipiaaala  Na- 
clear  traaepert  etadiee  iadicfee  fefe  feiereeceatiy  la¬ 
beled  aai  li'  iiplaaaia  is  troaaloeated  to  fee  aaciear  ia- 
terior  of  ptraiBabiiiaed  VTMOS  ceBo.  wbile  aadeo- 
plasaua  feat  lacks  a  aadear  locsiixatioa  sigaid  (core 
aartenplasBshHisaoftisipwrted  Tbeaseoftbissiefeed 

plasaiia  avoids  fee  Iragtby  paiifeatlsa  proeedare 
weed  to  isolate  aadeeplaBada  frsM  JEraspas  laeeis  oo¬ 
cytes  as  srefl  as  fee  coot  of  psacbasiag  aad  Maiatfeafaig 


The  proceas  of  prolenri  transiocatisn  into  the  oeU  nu¬ 
cleus  is  currently  an  area  of  great  intereat  One  of  the 
most  wridely  used  probes  for  nuclear  transport  studies  is 
nudeapiasmin.  a  thennoetable  acidic  pentaroerk  protein 
involved  in  hntaoe  binding  and  nudeoaome  Ibrniatian 
(1-4).  A  procedure  to  pruduoe  smaU  amounts  of  radiola¬ 
beled  nudeoplaanun  via  a  coupled  in  vOro  tranacriptiaiV 
tranalatKo  protocol  has  been  reported  <5).  Hoarever.  iso¬ 
lation  of  milligram  quantities  of  nudeoplasmin  requires 
the  use  of  Xmopas  lortw  oocytes,  where  nucleoplasmin 


constitutes  up  to  10%  of  the  nuclear  protein  <6.7)  To 
avoid  the  high  cost  of  purchasing  and  maintaining  toads, 
we  hare  devised  a  method  to  produce  and  isolate  milli- 
gram  quantities  of  nudear  transport- competent  nudeo¬ 
plasmin  from  Eadtehchta  wit. 

The  expression  vector  pET- 16b  contains  the  lac  oper¬ 
atin'  and  repressor  downstream  of  the  T7  promoter  ( 8) 
This  allows  trnossiption  of  the  doned  gene  to  be  al¬ 
most  completely  eliminated  until  induction  is  initiated 
In  addition,  pET-  16b  codes  for  a  stretch  of  10  histidine 
residues  after  the  initiator  methionine,  followed  by  a 
Factor  Xa  protease  cleavage  site  (9>  A  small  doning 
region  allows  for  the  introductioo  cf  the  gene  of  interest 
m  frame  with  the  oligohistidine  and  prntease  cleavage 
regions.  The  obgohistidine  region  permits  the  rapid  pu¬ 
rification  of  the  expressed  fwotein  by  metal  chelation 
chromatography  ( 10. 1 1  >. 

E.  coti  strain  BL21(DE3>  contains  a  single  copy  of  the 
T7  RNA  polyinnase  gene  under  control  of  the  lacUVS 
promoter  (12,13).  This  allows  for  the  overexprcasion  of 
a  T7  piasmiu-cootaining  gene  toikrnring  induction  wnth 
isopropyi-5-D-thiogalactopyranoeide  (IFTG>.  This  sys¬ 
tem,  along  with  the  expressioo  vector  pET-16b,  was 
used  to  produce  nucleoplasmin  in  E  coU.  Rapid  purifi- 
catioo  of  the  nucleoplasmin  wu  then  accomplished  by 
a  beating  step  and  metal  chelation  chromatography. 
Experiments  indicated  that  puri^d  E.  cofi-produced 
nucleoplasmin  can  substitute  for  nudeoplasmin  iso¬ 
lated  from  X.  laevts  oocytes  in  nudear  transport  stud¬ 
ies.  This  method  circumvents  the-  time-consuming  pro¬ 
cedure  of  isolating  and  purifying  nucleoplasmin  from 
X.  laevia  oocytes  as  well  as  the  costs  involved  with  pur  - 
channg  and  maintaining  a  toad  cdony. 

EXngRlMENTAL 
Conatruction  of  pBTISh-NED 

Plasmid  pET-lS>  was  purchased  from  Novagen 
(Madison,  W1>.  Plaamid  pET16b-NED  was  constructed 
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by  ligation  of  a  0  68  k  i  8omHI  fragment,  con 
taming  the  A’  laevis  nucleopiai^min  gene,  from  pTT 
NED  <5'  into  .VJel/SamHI-cut  pET-16b  The  nucieo- 
pla»min  cDNA  23?  used  to  construct  pTT-NED  was 
kindly  proNiJed  by  Dr  Thomas  Burglin  '  Ma!»sachusetts 
General  Hospital.  Boston.  MA'  E  nWi  strain  DHl  was 
transformed  with  the  ligation  mixture  using  CaCh-. 
and  transformants  possessing  the  pET16b-NED  plas¬ 
mid  were  selected  by  plating  on  LB  medium  supple¬ 
mented  with  5i»  iig/ml  carbenicilhn  Restriction  diges- 
titms.  agarose  gel  electrophoresis,  ligation  reactions, 
and  transformations  were  as  described  '  14*  The  link¬ 
age  region  between  the  pET-16b  oligohistidine  leader 
sequence  and  the  nucleoplasmin  gene  was  confirmed 
by  DNA  sequencing  using  the  dideoxy  method  '15' 

PrvfMiration  of  Transformed  BL2l>DE3> 

E  co/i  strain  BL21<DE3' I F  hsdS  gai  ompT  .  0  > 

was  kindly  provided  by  Dr  Paul  Hemng  ‘  Indiana  L  ni- 
versity.  Indianapolis.  IN'  Preparation  of  plasmid 
pET16b-NED  DNA  and  transformation  ofE  cdi  strain 
BL21*DE3'  using  CaCL  were  as  described  ^14'  Stable 
transformants  were  selected  by  plating  on  M9Z\'B  me 
dium  '1  g/liter  N'HiCI.  3  g/iiter  KHiPO^.  6  gditer 
Na/HPO, .  4  g/Iiter  glucose.  2  mM  MgSO,.  0  1  m.M 
CaCi.> .  10  g/liter  tr>-ptone.  5  g/liter  NaCI.  5  g/liter  yeast 
extract '  supplemented  with  50  ug/mX  carbenicillin  and 
1  0  mv  IPTG  12' 

Expression  and  Isolation  of  Sucleoplasmm 

A  25-ml  culture  of  E  cxdi  stram  BL21iDE3>  con¬ 
taining  pET16b-NED  was  grown  m’emight  at  37'^  and 
230  rpm  in  M9ZYB  medium  supplemented  with  50  Mg/ 
ml  carbenicillin  The  oi'emight  culture  was  used  to  in¬ 
oculate  500  ml  of  M9ZYB- carbenicillin.  After  reaching 
an  OD«n,.  of  1  0.  the  culture  was  induced  by  the  addition 
of  IPTG  to  1  0  mM  After  3  h  the  cells  were  han'ested 
by  centrifugation  at  dOOQg  and  4^  for  10  min.  pooled, 
and  washed  once  with  water  The  pellet  was  resus¬ 
pended  in  20  m,M  Tris-HCl.  pH  7.9.  contaming  0  5  M 
NaCI.  5  mM  imidazole.  1  mM  phenylmethylsulfbnyl 
fluonde  <  PMSF  >.  and  1  Mg/ml  each  of  pepstatin.  leupep- 
tin.  and  aprotinin  <  10  ml/liter  of  culture*  and  disrupted 
by  sonication  *4  ^  30  s.  setting  7;  Heat  Systems  Cell 
Disruptor  with  microtip  •  The  mixture  was  centrifuged 
at  12.00G|g  for  15  min  at  4T  The  supernatant,  con¬ 
taining  the  nucleoplasmin.  was  heated  at  90°C  for  10 
min  and  centrifug^  at  12.00C|g  for  30  rain  at  4'C  To 
puniy  the  nucleoplasmin  further,  the  supernatant  was 
lo..dcd  onto  a  Ni^  -metal  chelation  resin  column  <20 
mg  protein/2.5  ml  coiuitio  vclonse*  ‘Nnvagen*  Column 
preparation  and  chromatography  were  conducted  •*» 
deacribed  in  the  manufacturer's  instructions.  Briefly, 
the  column  was  washed  with  10  column  vol  of  binding 


buffer  I "20  mM  Tns-HCl.  pH  7  9  0  .5  M  NaCI.  5  mM 
imidazole*  and  6  column  vol  of  wash  buffer  '2t>  mM 
Tns-HCi.  pH  7  9.  0  5  M  .NaCI.  60  mM  imidazole*  The 
oiigohistidine-linked  nucleoplasmin  was  eluted  from 
the  column  with  6  colum'i  vol  of  elution  buffer  *  '20  mM 
Tns-HCl.  pH  7  9.  0.5  m  NaCI.  1  m  imidazole*  The 
eluted  protein  was  oeicentrated  in  a  ('entncon  C  10 
microconcentrator  <W  R  Grace  Co  Beverly.  MA*  and 
desalted  by  passage  through  a  Sephadex  G-25  column 
The  citgohistidine  region  could  be  removed  from  the 
nucleoplasnun  by  treating  with  Factor  Xa  16'.  but 
since  this  region  had  no  apparent  effect  on  the  ability 
of  the  protein  to  localize  to  the  nucleus  of  permeabilized 
cell*,  it  was  not  routinely  removed 

Methods 

Nucleoplasmin  lacking  a  nuclear  localization  signal 
■  core  nucleoplasmin'  was  prepared  as  described  *  17 
Electrophoresis  of  nucleoplasmin  purification  fractions 
using  SDS- polyacrylamide  gels  was  performed  by  the 
method  of  Laemmli  '18'  Antiserum  to  nucleoplasmin 
V..  ':indly  provided  by  Dr  Carl  Feldherr  'I'mversity 
of  Flc  ida.  r aiiifv.lle.  FL*  Western  blot  analv'sis  was 
perfoi':iK-d  as  dej-XTibed  '19*  Purified  nucleoplasmin 
and  core  nucieophsmir.  w  ere  fluorescently  labeled  w  ith 
tetraroethyirhodamii.e  isu'Jiiocyanate  'TTHTC'  by  the 
method  of  Newmeyer  et  'I  '‘20*  Polyacrylamide  geU 
and  Vfeshem  bloti.  weie  scanned  by  a  Molecular  Dv- 
namics  Laser  Densitometer  '  Sunnyvale.  CA'  and  the 
density  volumes  calculated  using  the  assonated  Image- 
Quant  software 

Cell  Culture  Conditions 

Alpha  minimal  essential  medium,  fetal  calf  serum, 
penicillin,  streptomyan.  t-glutamine.  and  .V-2-hy- 
droxyethylpiperizine-iV ''-2-ethane  sulfonic  aad  *  Hepes ' 
were  purchased  from  Gibco/BRL  'Gaithersburg,  MD* 
Chinese  hamster  lung  fibroblasts  'done  V79A03*  were 
maintained  as  monolayer  cultures  at  37^C  in  an  atmo¬ 
sphere  of  5T  CO>  in  air  in  alpha  minimal  essential 
medium  supplemented  with  1(8^  fetal  calf  serum.  100 
LVml  penicillin.  100  Mg/ml  streptomycin.  2  m.M  L-gluta- 
mine.  and  25  m.M  Hepes  For  nuclear  transport  experi¬ 
ments.  cells  were  plated  onto  glass  coverslips  '9  '  35 
mms  Cells  were  used  when  they  were  70-8(Kt  conflu¬ 
ent.  To  prepare  for  perroeabilization  the  cells  were 
placed  on  ire.  washed  with  cold  Buffer  A’  *20  mM 
Hepes.  pH  7  3.  1 10  mM  potassium  acetate.  2  mM  mag¬ 
nesium  acetate.  1  iu.M  EGTA.  2  mM  dithiothreitol.  1  Mg/ 
ml  each  of  aprotinin.  ieupeptm.  and  prpstatin*  <21.22> 
and  tiun  incubated  5  mm  on  ice  with  35  Mg/ml  digitonin 
ir.  Bof^r  .4*  The  cells  were  washed  once  again  after 
permeabiluation  with  cold  Bufter  A*  and  left  in  cdd 
Buffer  A*  uiiti!  needed 
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Prrparation  of  Cyioaottc  Fraction 

V'79A03  celU  were  harvested  by  acra|Mng  fnmi  the 
tissue  culture  plates  with  a  rubber  pcdiceman  The  celb 
were  washed  with  cold  Hanks  balanced  salt  solution 
and  resuspemied  in  hypotonK  bufl^r  <  10  mM  Hepee. 
pH  7  4.  5  mM  MgCI}.  I  mM  PMSF.  and  1  ijghni  each 
of  aprotimn.  leupeptin.  and  pepstatui<  at  10  ml/10* 
cells.  The  cell  suspension  was  left  on  ice  for  15  min  and 
then  disrupted  with  15  strokes  a  Dounce  homage- 
niier  (pestle  A •  The  mixture  was  centrifuged  at  lOOQp 
and  4°C  for  10  min.  |Hoducing  a  supernatant  that  was 
then  centrifuged  at  lO.OOftg  and  4'C  for  20  min  The 
supernatant  resulting  from  this  step  was  eentrifiiaed 
at  150.00%  and  4T'  for  2  h.  The  resulting  supernatant 
from  this  high-speed  centrifiigatior  step  was  dialyxed 
overnight  at  4t7  against  multiple  changes  of  Buffer  A*, 
concentrated  in  a  Centricon  C-10  microconcentrator, 
and  brought  to  a  protein  concentration  of  40  mg/ml 
with  Buffor  A* 

In  Vitro  Nuclear  Transport 

A  standard  transport  reaction  contained  bovine  se¬ 
rum  albumin  •  1  m^hil  >.  ATP  ( 1  mM  i.  creatine  kinase 
( 20  U/ml  I.  creatine  phosphate  ( 5  mM ).  cytosolic  traction 
1 10  mg  protein/mli.  and  TRITC  nudeoinasnun  <5  ugl 
mi',  btought  to  a  final  volume  of  20  /il  with  Buffer  A* 
•  22)  Coverslips.  containing  the  digitonin-permeabi! 
ized  cells.  w?ro  blotted  on  a  paper  towel  to  remove  ex¬ 
cess  fluid  and  placed  cell  side  down  onto  20  iil  of  the 
transport  mixture  on  a  sheet  of  parafilm.  Trar^sport 
reactioos  were  run  in  a  humidified  box  at  SGiL"  for  15 
min.  Other  additioas  to  the  transport  reactions  are  as 
given  in  the  figure  legends.  Reactions  were  terminated 
by  the  addition  of  250  ^1  of  cold  BuflEn  A*  The  cov- 
erslips  were  washed  once  with  cold  Buffer  A*  and  fixed 
on  ice  fin*  5  min  with  3*4  parafimnaldehyde  in  Buffor 
A  ( Buffer  A*  minus  diUuothre-llol  and  protease  inhibi¬ 
tors*.  The  coverslips  were  washed  writh  cold  Buffor  A. 
blotted  on  a  paper  towel,  and  mounted  on  a  glass  slide 
on  one  drop  1  mg/ml  phenylenediamine  in  90*4 
glyterol/10‘4  phosphate-bufiered  saline.  Nail  polish 
was  used  to  se^  the  ei^es  of  the  covnslip.  Slides  were 
examined  with  an  Oiirmpus  AH-3  fluorescence  micro¬ 
scope  and  photomiaugraphs  taken  with  Polaroid  T^pe- 
57  film. 

IUStl.TS  AND  DBCUSSKm 

The  construction  of  pET16b-NED  is  shown  in  Fig. 
lA.  A  0.6B-kb  Ndel/BamHI  firagment  from  pT7-NED 
containii^  the  coding  region  (or  the  X.  laevis  nudeo- 
plMmin  gene  was  Ufmtsd  into  Ayrl/ScmHI-digested 
pET-l6b.  Tfie  resultii^  plasmid.  pET16b-NED.  con- 
•Maed  the  n^icieoplasmin  geue  plus  an  additional  21 


I 
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ATGGGCCATC  ATrATTATrA  TX  ATTATT AT  rATCArACCA 
GCGGOCATAT  CGAAGCTTCT  rAtMcrm  caaMosW 
frAATTCOCC.  . 

C 

MGHBHBHHHHBH$$CH  1  K  G  B  H 
M  A  R  I  R  A  q  F  R 

FIG.  I.  CamAriKtiaa  of  pET16b-NED  'A'  nasaud  map*  of  pET- 
IBb  and  pTT-NED  and  the  construct K>n  if  pET16b-NED  Drtailt  are 
green  in  the  tnt  lai  npiewor  pme  is  represeoted  br  iacl.  while 
the  gem  cmiemng  caihnucilhn  'ampiciJfan  >  reeostancr  is  denoted  hr 
bia  '^-lattanaae*  'B'  DNA  saqumcr  of  the  expressed  hnfcpr  region 
between  pET-I6b  and  the  nudeopiaaem  gene  The  first  62  base 
pairs  •uppercase'  are  denied  frmn  pET-lfib  The  next  20  base  pairs 
'hewer case'  are  a  result  of  the  doning  procedure  used  to  subchme 
the  nudeoplasiBin  cDNA  into  pT7-7  <5'  The  bsid  letters  represent 
the  first  bM  pars  of  the  nutieopiasam  cDNA  >23'  'C' The  anno 
acxd  secpience  of  the  linker  re^ian  deacribed  in  B  The  underlined 
regian  indKates  the  Factor  Xa  protease  clear  agt  site 


amino  acids  attached  to  the  amino  terminal  rad  of  the 
iwotein.  This  stretch  of  amino  adds  contains  10  hi^- 
dine  residues  that  allow  (in’  protein  puiiScation  by 
metal  chelation  chromatography  and  a  Factor  Xa  prote¬ 
ase  site  that  aUows  fixT  removal  of  the  “leader  seqorace' 
frmn  the  nudeoplannin-  The  base  snd  amino  add  se¬ 
quences  of  the  Haiker  reffion  air  shown  in  Tigs  IB  an<! 
1C  The  presence  of  the  leader  nequenr*  ~it 
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the  ability  ef  the  nucleopla.<min  to  be  imported  to  the 
nuclear  interior.  «o  it  was  not  routinely  removed  data 
not  shown 

•A  representative  t'l^imassie  blue-stained  SDS- poly¬ 
acrylamide  gel  of  the  fractions  obtained  during  the  pu 
nfication  of  nucltmplasmin  is  show  n  in  Fig  2  Lane  I 
IS  an  uninduced  culture  of  BL21'DE3'  containing 
pETlbb-NED  The  pmtein  profile  m  lane  2  was  ob¬ 
tained  following  a  -l-h  induction  of  nucleoplasmin  bv 
IPTti  .As  seen,  an  intense  nuclei»plasmin  band  migrat¬ 
ing  at  a  molecular  weight  of  approximately  ;t2  kDa 
constitutes  much  of  the  pmtein  in  this  fraction  Lane 
d  IS  the  supematont  resulting  fmm  the  sonication  and 
centrifugation  of  the  bacteria  .After  heat  treatment  10 
miiv80  r  and  centnfugation.  the  pmfile  in  lane  4  was 
obtained  This  step  eliminated  the  majonty  of  the  bac¬ 
terial  pmteins  However,  along  with  the  nucleo¬ 
plasmin.  two  additional  bands,  migrating  at  appmxi- 
mately  21  and  26  kDa.  are  apparent  To  punfy  the 
nucleoplasmin  further,  metal  chelation  chmmatogra- 
phy  was  used  The  nu‘'leoplasmin-containing  fraction 
was  chmmatocraphed  on  a  Nr  column,  which  bound 
the  olieohistidine  leader  sequence  ligated  to  the  nucleo¬ 
plasmin  The  contaminating  pmteins  were  then 
washed  from  the  column  and  the  nucleoplasmin  was 
eluted  as  described  The  column-punfied  nucleo¬ 
plasmin  IS  show  n  in  lane  n  The  21-  and  26-kDa  bands 
w'eie  stili  present  in  this  fraction,  albeit  as  only  a  very 
small  percentage  of  the  total  pmtein  0  9  and  Od'-. 
respectively  Lane  6  is  core  nucleoplasmin  -nucleo¬ 
plasmin  lacking  a  nuclear  localization  signal’  and  was 


prepared  by  treating  intact  nucleoplasmin  with  trvpsin 
17  The  20-kDa  band  is  the  monomeric  form  of  the 
core  nucleoplasmin.  while  the  higher  molecular-weight 
band  represents  the  pentamenc  form  A  Wi^stem  blot 
of  the  nucleoplasmin  isolation  fractions  is  show  n  m  Fig 
.1  Lane  2  uninduced  culture  shows  no  reaction  .A  12- 
kDa  band  was  recognized  by  antisera  produced  against 
.Y  tat'i  is  nucleoplasmin  in  each  of  the  isolation  frac 
•  ions  lanes  3-6  l-ine  7  o^re  nucleoplasmin  shows 
a  reaction  at  2t.>  kDa 

In  addition  to  the  12-kDa  band  the  nucbsiplasmin 
antisera  also  recognized  the  21-  and  26-kDa  bands  s«*en 
in  the  (.'oomassie-stained  gel.  indicating  that  thes«- 
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h,«nrl<  nprr-ii-nT  !riincat*'d  form  nf  niKln>pl.»<niin 
K\en  thoiiirh  th*  '*  prolt  in--  h.«d  no  on  'h*-  ilnl'U 

of  micU-opl.i-nnn  to  , unmiul.it*-  in  th<-  nurio.ir  mt*  nor 
u*  -ouicht  to  d*’t*'rnim*  th*-ir  ontnn  Onpn;ill\  itw.i' 
ihoucht  th*  '*'  Kind'  n-pr* '♦-nti-d  proti-iH'  pniduaiJ 
fnini  nu'thioniru’  n>'idu*-'  *  to  th»-  mili.itor  tiiiuhn*- 
nin*  Thi'  'hoiild  rusult  m  'horl*  r  form'  of  nucl«>*>- 
p!;i<min  that  micht  <iiil  K'  imnuinohitualh  ni-»»t:ni7i‘<f 
l>\  th*  nucli'opl.i'mm  .inti'*Ta  How*-v*  r.  if  thi'  w«-n 
th*-  f.i'*  th*’  oiioohi'tidin*‘  l*‘.td«’r  <«‘*|u«‘nc*-  vM>uld  m** 
K  pn’'*>nt.  ind  th*-  truncau*if  ruichHipl.i'mm 
would  not  hind  to  th*-  Ni  coltimn  A-  'hown  in  U*th 
Fii!-'  -  in  )  {  th«-  trum-at*il  form-  ot  nuch-«pl.t<nim 
b*>und  to  th<=  Ni  column  Th*‘  'h*»r;.  n*-<l  mici*-** 
pl.ismin  •ipi'cit  '  m.iv  h.iv*  n''ultt'd  from  pn>t*-**l\ '*' 
fhirine  thi  I'olation  proi*'duri  Ho\\*-\*t  the  pr*  '*'n!* 
of  the  prot*  .1'*-  inhibitor'  PMSF  p<'p<t.itin,  leupi'ptin. 


and  .iprotinin  diinni;  I'olation  uo^lfi  t*  n<l  to  irevi* 
atraitj-it  that  |>*><'ihilitc  Furth*  rnion  F'  -tram 

HL21  ffF-f  I-  <f*’rici«‘nt  in  ia'th  th*  and  th*  >”  ;>T 
pmtiMsi-'  that  uould  ci'iitrihut*  to  'ampi*  |)roi.o|\-i< 
It  W*  att»-mpt*-d  to  eiimm :U*  th*-<*  truiuat**)  nu 
ch'opla'min  hand'  h\  tn-atine  th*  hact*'na!  tiiltsir* 
w  ith  rifampu  m  tt*  oun  aft*  r  IFTf  '*  induction  to  inhibit 
transcription  h\  th*  hact*  na!  RNA  ii*>Um*  ra'*  '  and 
pniduction  ofan\  hact*  rial  pnn*  a'*-'  How*  **  i  no  dit 
h-naua-'  \'*’r*'  oh<*T\*‘d  l>*‘tvv>*  n  th*  c*  I  (Mtt*  rri'  of  mi 
cUiipla-min  obtain***!  from  r-j.nnpicin  tn-at**!  and  un 
tri-at***!  cultiir*  '  ( "hantTmi:  ihi  aicul>ation  t*  n)[>*  ratur* 
It!  -tr*  tT  f  ,  th*  (  iiitun  imaiium  MdZ’i'R.  I.H  and 
th*  har\*  st  tim*  If*  min  to  i  h  (lost  IFTf'*  induction 
also  had  ii't  elT*  et  on  th*  di'tnbiition  ot  th*  intact  and 
truncat***!  form' of  th*  mu  leopla'inm  dat.i  not  'hown 
Th*  **ni:in  iif  th*-'*  hand'  r*  in.iin'  to  K  d*  t*  rmin**l 
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TahU'  1  IS  a  sumniarv  of  the  punfication  nf  nuci«H> 
plasmin  After  induction  with  If’TX’.,  almost  of  the 
pn>tein  present  in  the  “induced  fraction"  was  nucleo- 
plasmin  Somcation  and  centrifugation  of  the  hactena 
vielded  the  "homogenate  fraction  NucleopJasmtn  ar- 
countixl  for  greater  than  of  the  pmtein  content  of  this 
fraction  The  "heat  fraction’  was  obtained  after  heat 
trt'atment  and  centrifugation  Nucleoplasmin  made  up 
well  over  To'  •  of  the  pmtein  found  m  this  fraction,  w  ith 
the  truricat*>d  nucleoplasmin  forms  and  small  molecu 
lar-weight  contaminants  accounting  for  the  remainder 
After  metal  chelation  chromatography,  greater  than 
fW  -  of  the  protein  in  the  "column  fraction"  was  nucleo 
plasmin  ^2  kPa'  with  the  remaining  protein  bi'ing 
mostly  21-  and  2f>-kl)a  truncated  forms  of  nucleo¬ 
plasmin  ' appn>x:matp|v  1  and  0  o'' .  respectively 
After  i*.;.lation.  thi'  nucle<ip|asmin  was  fluorescently 
labehxl  with  rhodamine  and  tested  m  an  i  ttni  nu¬ 


clear  transport  system  using  permeahi lin'd  mamma 
ban  cells  ■21.22  Shown  in  Fig  4A  are  the  phas*  cm 
trast  and  fluoia'sc»*nt  phoiomicn»graph'  of  a  .iOf 
min  transport  expenment  run  yvith  and  without  the 
cvtosolic  fraction  When  incubated  in  thi-  pres«*ncy  of 
tbe  cytosolic  fraction  and  an  ATP  regenerating  sy  stem 
nucleoplasmin  is  imported  to  the  nuclear  intenor  of 
digitonin-pc  rmeabilized  \’79.-\0.f  ceil-  Wht'n  the  cvto 
solic  fraction  is  omitted,  the  nucleoplasmin  do*-  not 
localize  to  the  nucleus  This  cmfirms  the  rc'sult-  of 
other  investigators  using  nucleoplasmin  isoiatt'd  fn>m 
.Y  lai-i  IS  iMicytes  m  similar  nuclear  transport  svsi»mis 
•21.22.24  ■  Figure  4B  demonstrates  that  nuclimplasmin 
lacking  a  nuclear  IcKalization  -ignal  cin’  nuclo 
plasmin  does  not  translocate  to  the  nuclear  interior 
The  requirement  for  .-kTP  is  represt'nted  in  Fig  4<', 
which  shows  that  onU  a  small  amount  of  nuchH> 
plasmin  is  localized  to  the  nucleus  if  an  ,ATF’  n^generat 
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ing  s>-stem  is  from  the  reaction  mixture  The 

small  amount  of  import  observed  can  be  attnbuted  to 
endogenous  ATP  in  the  cvtosolic  preparation  As  dem¬ 
onstrated  in  Fig  4.  nucleoplasmm  produced  in  E  coii 
and  purified  by  this  procedure  perforins  in  a  manner 
analogous  to  the  pnitein  isolated  from  A’  /aei  oocytes 
We  have  developed  a  procedure  for  isolating  milli¬ 
gram  quantities  of  nucleoplasmm  produced  in  E  atli 
strain  BL2 !<  DE3 '  The  isolation  procedure  is  rapid  and 
routinely  yields  70-80  mg  of  nucleoplasmin  per  liter 
of  bactenal  culture  The  nucleoplasmin  produced  by 
this  procedure  migrates  at  the  same  apparent  molecu¬ 
lar  mass  on  SDS- polyacrylamide  gels  as  nucleo¬ 
plasmin  isolated  from  X  laevis  oocytes  and  is  recog¬ 
nized  by  antisera  produced  against  the  Aenopus  nucleo¬ 
plasmin  The  E  co/i -produced  nucleoplasmin  is  also 
transport -competent  It  is  imported  to  the  nuclear  inte- 
nor  of  digitonin-permeabilized  \'79A03  cells  Nucleo¬ 
plasmin  lacking  a  nuclear  localization  signal  icore  nu¬ 
cleoplasmin'  does  not  assoaate  with  the  cell  nucleus 
As  with  other  systems,  nuclear  import  is  dependent 
upon  not  only  an  intact  nuclear  localization  signal  but 
also  the  presence  of  cy'toaolic  factors  and  ATP  This 
procedure  provides  an  easy  method  for  producing  and 
purifying  nucleoplasmin  for  nuclear  transport  studies 
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